We propose a protocol to generate a Greenberger-Horne-Zeilinger (GHZ) state and W state by using simple linear elements and quantum nondemolition detectors (QNDs 
linear optical elements, N pairs of the two-photon polarization entangled states, and conventional photon detectors to prepare the GHZ state of N photons. Song et al. [15] have proposed a scheme for generating a W state by using single-photon interference and time-bin encoding in polarization noise channels. Zou et al. [16] [17] [18] have also given an approach to generate a GHZ and W state of four separate qubits using different setups.
In 2007, Yu et al. [19] presented a protocol to generate a GHZ state and W state of three distant Λ-type threelevel atoms based on the indistinguishability of photons emitted by the atoms in optical cavities. Their protocol has many advantages; for example, their protocol did not require the simultaneous click of the detectors in the Lamb-Dick limit. But the probability of getting a W state is only 1 9 , and they need two different setups to generate the GHZ state and W state. In this paper, we propose a protocol to prepare a GHZ and W state of three Λ-type three-level atoms 1, 2, and 3, trapped in three different cavities, A , B , C , respectively, with an excited state | and two grand states | and | . Every cavity in our protocol has only one side. The transitions | → | and | → | are strongly coupled to the left-circularly polarized cavity mode and right-circularly polarized cavity mode, respectively. A difference between the presented protocol and Yu et al.'s [19] is the use of quantum nondemolition detectors (QNDs). Nondestructive measurement shared by QNDs increases the probability of success of our protocol a lot compared with Yu et al.'s protocol [19] . Therefore, we will introduce QND first and then describe how to generate the GHZ state |GHZ ± = by the cross-Kerr interaction. In Eq. (2), the | denotes the state of a photon, and |α denotes the coherent state, θ 1 = χ 1 with the interaction time t which is directly proportional to the number of photons with the states of photons unaffected. For the same reason, when a photon passes through path 2 , the cross-Kerr nonlinearity connected to path 2 will put a phase shift θ 2 = χ 2 on the coherent state. In the following, we will describe how to generate a GHZ and W state of the atoms 1, 2 and 3, and the setup is shown in Fig. 2 . The interaction Hamiltonian takes the following form:
where l and r denote the left and right circularly polarized cavity modes, respectively. † and are the creation and annihilation operators of photons of the k mode. λ is the coupling constant between the cavity modes and atoms. Initially, the atom and the cavity are prepared in the excited state | and the vacuum state |0 |0 , respectively. After interaction time t, the atom-cavity system will evolve to the state
with Ω = λ 2 + λ 2 . After photons pass through QWPs, we assume the left-circularly polarized photons and the right-circularly polarized photons become vertically and horizontally polarized photons, respectively. Then, we get the following transformation: |1 |0 → |V , |0 |1 → |H , where V and H denote the vertically polarized |V and horizontally polarized |H photons, respectively. The term | |0 |0 in Eq. (4) is the vacuum mode and it has no contribution to the click of the photon detectors. Therefore, when a photon passes through a QWP, the total state of the photon and the atom can be written as
with a probability P 0 = sin 2 (Ω ). The states of atom 1 in cavity A with photon A, atom 2 in cavity B with photon B and atom 3 in cavity C with photon C can be written as is composed of a 50/50 beam splitter (BS) and a QND. If a photon passes through path 1 , the state |α will change into |α θ ; after that, the photon will be sent to BS again; if a photon passes through path 2 , the photon will be sent to the out port. QND(A) in (c) is composed of two polarizing beam splitters PBS 1 and PBS 2 which always transmit H-polarizing photons and reflect V -polarizing photons. If a photon passes though path u, the state |α will change into |α respectively. As shown in Fig. 2(a) , the photons A and B will meet the setup P 1 , with the setup P 1 shown in Fig. 2(b) . This will lead to the following transformation:
Therefore, we have the following process:
where
Then, the photons A, B, and C will meet the setup P 2 [See Fig. 2(a) ]. P 2 works in the same way as P 1 , and will lead to the following transformation:
In the following, for convenience, we suppose λ = λ first, and then discuss the situation when λ is different from λ . If λ = λ , Eq. (10) can be written as
Photons in path b will pass through QND(A) as shown in Fig. 2(c) . They will first meet PBS 1 . Eq. (11) will change into:
If three photons are all V -polarizing photons, they will pass through path d and |α will change into |α π 2 ; if three photons are all H-polarizing photons, they will pass through path u and |α will change into |α . We can not distinguish
is the same as |α π 2 , as the homodyne measurement can take measure on the angle but not the phase. So the first term of Eq. (12) can be written as 1 2 
. But if two photons are both V -polarizing photons and the other is an H-polarizing photon, the V -polarizing photons will pass through path d and the H-polarizing photon will pass through path u, and |α will change into |α ( 5π
; if two photons are both H-polarizing photons and the other is a V -polarizing photon, the H-polarizing photons will pass through path u and the V -polarizing photon will pass through path d, and |α will change into |α ( 5π
. Therefore, we can distinguish the states |W |2 V |1
). The probabilities are P W = 37 5%, P W = 37 5%, and P 3 = 25%, respectively. If 0 P W = 37 5% and P W = P 3 0 P W = 37 5%, respectively, with sin 6 (Ω ) = 1. And the total probability of getting a W state is P W = P W + P W = 75%. If we get the state (
, we can send the photons to path c. And then, the photons will meet the AB-PBS, which changes |V 2 and |H 2 into a new frame:
, with the AB-PBS always transmitting A-polarizing photons and reflecting B-polarizing photons. After that, the state (
H ) can be written as:
where an odd number among δ, β, and γ correspond to "+" with the other corresponding to "-". When all photons are clicked, we will get the |GHZ ± state. The maximal probability of getting the GHZ state is P GHZ = P 3 0 P 3 = 25% with sin 6 (Ω ) = 1. Now, we will discuss the situation when λ is different from λ . From Eq. (10), one can find that different λ and λ make the probabilities of getting |W and | W different from each other, and the total efficiency of getting a W state is reduced, but the fidelity is not influenced at all. As for the GHZ state, the influence of λ = λ will lead to the final state |φ deviating from |GHZ , but the influence is slight. Ref. [19] showed that if λ /λ = 1 1, the fidelity is | φ|GHZ | 2 > 0 98 . Let us now consider the experimental feasibility of our protocol. (1) The QNDs provide us a way to detect photons without destroying them. Many schemes have shown that QNDs can work well with presently available experimental techniques. For example, in 2003, Hofmann et al. [22] showed that a phase shift of π can be achieved with a single two-level atom which is trapped in a oneside cavity. In 2010 in Ref. [23] , Wittmann et al. implemented quantum measurement strategies capable of discriminating two coherent states with the help of a homodyne detector and a photon-number-resolving (PNR) detector. Sheng et al. [24] proposed a scheme to achieve complete hyperentangled-Bell-state analysis for quantum communication, in which QNDs were essentially required. However, the detecting efficiency of QNDs cannot reach 100%. With an increase of QNDs, the efficiency of getting the intended entangled state will be reduced. However, with the improvement of QNDs, we believe that the protocol is feasible. (2) The linear optical elements and photon detectors in our protocol are widely used to generate entangled states in experiments [7] [8] [9] [10] ; for example, Eibl et al. [10] have successfully used similar optical setups to prepare a W state of photons. (3) Atomic-level structure can be achieved by Zeeman sublevels [25] and were realized to generate two-atom entangled states [26] in 2002.
In conclusion, we have proposed a protocol to generate a GHZ and W state of three Λ-type three-level atoms by using simple linear elements and QNDs. With our protocol, there are some advantages as follows. (1) Our protocol can generate both GHZ and W states and the probability of getting a W state is greatly increased compared with previous schemes [19] ; that is, our probability of getting a W state is higher than that in Ref. [19] by about 23 36 . (2) The protocol is realizable in experiment by current technologies and it can easily be extended to generate an N-atom GHZ and W state. We hope that this entanglement generation protocol proves to be prospective for wide applications in scalable and distributed quantum networks.
